and Movies S3 to S5: nucleokinesis and some branching activity defects in p27 knockout interneurons mainly results from dysregulation of myosinII activity but not cofilin inactivation.
Figure 6 is related to Figure S6 : p27 is a microtubule associated protein that promotes the polymerization of microtubule thanks to a domain located in its C-terminal portion. days after focal electroporation of shSCR or sh#1 and sh#2 in the mantle zone of MGE in brain slices from E14.5 p27+/+ embryos (G, 17.6 % 3 % for sh#1 compared with 35.4 % 5 % for the control shSCR; G', 10.8 % 2.6 % for sh#2 compared with 32.2 % 4.4 % for the control shSCR, n=6 slices from three independent brains, mean ± SEM). Tangential migration was assessed in cultured slices after electroporation of sh#1 or sh#2 on the right side of slice and compared with interneuron migration after electroporation of shSCR on the left side that served as internal control. H-I, analyses of cortical interneuron distributions at E17.5 in cortices from p27 -/-, p27CK knockin (p27CK) or p27+/+ embryos following Bromodeoxyuridine (BrdU) injection at E14.5. Scheme depicting BrdU birthdating protocol. or increasing quantity of GST-p27 (C) or equivalent amount of GST-p27, GST-p27 Nterminal half (GST-p27Nt), or GST-p27 C-terminal (GST-p27Ct) half (D). In vitro microtubule stability assay with equivalent amount of his (CT, control) or p27 (his-p27)
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followed by ice incubation. Taxol is a positive control for microtubule stability (S, supernatant; P, pellet) (E). Pull down assay with GST antibodies followed by western-blot analysis of p27 in protein extracts of HEK293 cells transfected with p27WT, p27 1-197 or p271-190 (related to Figure 6 ).
Supplemental experimental procedures

Animals
Time-pregnant BalbC mice (GIGA-Mouse facility and Transgenics, University of Liège), p27 -/-mice (Fero et al., 1996) and p27CK (Besson et al., 2004) in 129S4 or SV129
background, Dlx5,6 Cre-GFP mice in mixed SV129 ;mF1 background (Stenman et al., 2003) and p27 f/f mice in SV129 ;mF1 background (Chien et al., 2006) (ATCCGAAAAGAAAACGTTGA) and CreRev1996 (ATCCAGGTTACG GATATAGT).
Tissue processing
Embryonic brains were dissected in 0.1 M phosphate-buffered saline (PBS) (pH 7.4) and were fixed at 4°C in 4% paraformaldehyde (PFA) for 20 minutes (E12.5) to 1.5 hour (E17.5) (for immunohistochemistry) or overnight (for RNA in situ hybridization). Fixed samples were cryoprotected overnight in 20% sucrose in PBS at 4°C, embedded in OCT Compound (VWR International, Leuven, Belgium), and sectioned (10-22 µm) onto slides (SuperFrost Plus, Thermo scientific, Rockford, USA) with a cryostat.
Cell, explants and slices cultures
U87 and N2A cells were cultured in DMEM medium with 10% FBS and 1% penicillin/streptomycin. Mouse embryos fibroblasts (MEF) were isolated from E13.5 wildtype (WT) or p27KO embryos. Embryos were sacrificed and eviscerated, washed with PBS, minced and incubated in a trypsin-EDTA solution (0.25% trypsin, 5 mM EDTA) for 30 minutes. Cells were dissociated and transferred in MEF medium (DMEM, 10% fetal bovin serum, 2 mM L-Glutamine, 1% penicillin/streptomycin). MEF were expanded in T175 flasks
(1 embryo per flask) at 37°C in an atmosphere of 5% CO 2 . Cells were frozen after two passages. Imaging of migrating interneurons was performed on MGE explants from DlxCre-GFP embryos cultured on cortical cell feeder as previously published, with minor modifications (Bellion et al., 2005) . Briefly, MGE explants from E13.5 embryos or electroporated slices from E12.5 embryos cultured for 24 hours were transferred onto homochronic layer of E13.5 cortical neurons cultured 24 to 48 hours. For slice culture, brains from E12.5 DlxCre-GFP embryos were embedded in 3% agarose and sectioned (300 µm) with a vibratome (VT1000S, Leica, Wetzlar, Germany). Brain slices were then cultured 18 to 24 hours following a protocol described previously (Creppe et al., 2009 ). For some experiments, focal electroporations of the MGE were performed before starting the culture.
To asses cell migration on slices ( Figures 7C-7E) , brains from E13.5 p27KO embryos were embedded in 3% agarose, and sectioned (300 µm) with a vibratome. Focal electroporation of the MGE were performed before starting the culture (2 µg/µl of various pCAGGS-humanp27-IRES-NLSRFP constructs). Time-lapse recordings were performed after 48h in culture.
Slices were fixed after four days in culture to analyse the positioning of electroporated cells.
Terminal branching of interneurons from dissociated E14.5 DlxCre-GFP embryo (MGE) was analyzed after 5 days of culture on primary cortical feeder (Creppe et al., 2009 ).
Cytoskeleton-related bioassays
Microtubule preparation. Cells were collected in chilled PEM buffer (100 mM PIPES, pH6.7, 1 mM EGTA, 1 mM MgCl 2 ), sheared with 25G needle, incubated on ice for 30 minutes to allow MTs depolymerization and centrifuged at 10,000 g for 30 minutes at 4°C. MTs in the supernatant (S) were polymerized at 37°C for 45 minutes by addition of GTP (1 mM final, Sigma, St Louis, USA) and taxol (20 µM final). MTs were pelleted by centrifugation at 100,000 g for 45 minutes. After centrifugation, 1 vol of 2% SDS buffer was added to the S, and the pellet (P) was resuspended in 1% SDS buffer, heated 5 minutes at 100°C, and sonicated before loading. The same volume of each fraction was analyzed by western blot.
Tubulin stability assay. In vitro cold depolymerisation assay were performed. 30 µg of purified tubulin (Cytoskeleton, Denver, USA) were polymerized in 20 µl of reassembly buffer (100 mM MOPS, pH 6.8, 0.1 mM EGTA, 0.5 mM MgCl2, 0.5 mM GTP) for 30 minutes at 37°C. Polymerized microtubules were next incubated with His-p27 for 10 minutes at 37°C.
Microtubules were treated with Taxol (15nM) or equivalent volume of DMSO fro 5 minutes on ice. After centrifugation at 100,000 g for 30 minutes at 4°C pellets were resuspended in 20 µl of reassembly buffer. Pellets and supernatants were analyzed by western blot.
F-actin sedimentation assay. When indicated, cells were treated with 10 µM CytochalasinD
(Sigma, St Louis, USA) for 90 minutes before harvesting the cells. Cell pellets were resuspended in 2 ml of lysis buffer (50 mM PIPES, pH 6.9, 50 mM NaCl, 5 mM MgCl2, 5 mM EGTA, 5% glycerol, 0.1% NP40, 0.1% Triton, 0.1% Tween20, 0.1% -mercaptoethanol), sheared with 25G needle and incubated at 37°C for 10 minutes. Nuclei were removed by centrifugation (2,000 g, 5 minutes) and the supernatant subjected to a highspeed centrifugation step (100,000 g, 1 hour, 37°C). The clear supernatant (S-G-actin) was collected and pellets (P-F-actin) were subsequently dissolved in water containing 10 µM cytochalasin D. Equal amounts of each fraction were analyzed by western blot.
Pharmacological treatments
For western blot analysis, MGE isolated from E13.5-14.5 DlxCre-GFP embryos were cultured on polyornithine/laminin-coated (polyornithine, 0.1 mg/ml, laminin, 50 µg/ml, Sigma, St 
Time lapse imaging
For real time imaging of migrating interneurons, MGE were cultured on cortical cell feeder seeded on glassbottom petridish (MatTek, Ashland, USA). Cocultures were placed in a humidified and thermo-regulated chamber maintained at 37°C on the stage of an inverted confocal microscope. Time-lapse confocal microscopy was performed with a FluoView FV1000 Olympus confocal microscope with a 20X objective. Images of living GFP-or cherry-expressing migrating interneurons were acquired every 5 minutes during 4-6 hours.
Sequences were analyzed using ImageJ and the plugin MTrackJ. Time-lapse videomicroscopy on cultured slices from E12.5 brain were conducted with Leica TCS SP2 confocal microscope using a long-distance 20X objective. Images were taken every 20 minutes for up to 8 hours in latero-dorsal regions of the cortex were 25 successive "z" optical plans spanning 65 µm were acquired. Recordings of interneurons migration in E13.5 p27KO cultured slices were performed with a Nikon A1 Eclipse Ti laser scanning confocal microscope. Images of RFP+ interneuron were collected every 5 minutes during 3-4 hours with a xyzt acquisition mode.
Interneuron migration was analyzed using ImageJ (plugin MTrackJ) by tracking of soma of interneurons that were crossing the cortico-striatal boundary. The recording of utroph-GFP in
MGE-derived interneurons cultured on Matrigel and recording of EB3-GFP in MEFs were
performed with a Nikon A1 Eclipse Ti laser scanning confocal microscope equipped with a 60X oil-immersion objective. MGE explants were directly electroporated with utroph-GFP (Burkel et al., 2007) and cultured on Matrigel (BD bioscience, USA) for 48 hours. Images of MGE-derived interneurons expressing utroph-GFP were collected every 10 seconds during 1 hour with resonant scanning and xyzt acquisition modes. MEFs were nucleofected with MEF nucleofetcor Kit 1 (Lonza Weesp, Netherlands) according to the manufacturer protocol.
Images of EB3-GFP expressing MEFs were collected every 2 seconds during 1 minute with resonant scanning xyt acquisition mode.
Western blot analyses
U87, N2A cells and MEFs were washed twice with cold PBS and incubated in a lysis buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1% triton, 10 mM NaF, 1 mM Na 3 VO 4 and proteases inhibitors, Roche, Basel, Switzerland). MGE were dissected and transferred in the lysis buffer implemented with 450 mM NaCl. Proteins were extracted by centrifugation (10,000 g) 10 minutes at 4°C, separated by SDS-PAGE and transferred to 0.45 µm PVDF membranes (Millipore, Billerica, USA). Membranes were blocked 1 hour in a solution containing non-fat milk then incubated with specific antibodies O/N at 4°C, followed by HRP-conjugated antibodies applied for 1 hour at RT (HRP-conjugated anti-mouse IgG, antirabbit, anti-goat 1:10000 -GE Healthcare, Waukesha, USA). Membranes were developed with the ECL chemiluminescent reagent (Thermo scientific, Rockford, USA) using Hyperfilm ECL (GE Healthcare, Waukesha, USA). The following antibodies were used for Western blot: mouse anti-p27 (1:1000, BD Biosciences, USA), rabbit anti-p27 (1:1000, Santa Cruz, USA), rabbit anti-RhoA (1:500, NewEast Biosciences, Malvern, USA), mouse anti-RhoA Rabbit anti-gelsolin and rabbit anti-par6 antibodies were kind gifts of D.J. Kwiatkowski (Azuma et al., 1998) and Dr J. Fawcett respectively.
Immunoprecipitations
Cells, MEFs and MGE explants were incubated in lysis buffers as described in the previous section. Proteins were extracted by centrifugation (10000 g) for 10 minutes at 4°C and immunoprecipitations were carried out using specific antibodies (1:250) O/N at 4°C, followed by 1 hour incubation with protein A-agarose beads or G plus-agarose beads (Santa Cruz, USA). Anti-HA immunoprecipitation was carried out as negative control. Immunoprecipitates were washed twice with the basic lysis buffer and four times with another lysis buffer (Tris-HCl 50 mM pH 7.5, EDTA 1 mM, NP40 1%, 500 mM NaCl, proteases inhibitors, Roche).
The following antibodies were used: mouse anti-HA ( Louis, USA) and mouse anti-tyrosyltubulin (1:500, Sigma, St Louis, USA). They were then subjected to SDS-PAGE for subsequent western blot analysis.
Production and purification of recombinant proteins.
pGEX-4T-2 plasmids were used to express GST-tagged proteins in Escherichia coli BL21.
GST tagged proteins were purified with glutathione sepharose 4B (GE Healthcare, Waukesha, USA). pET-16b plasmids were used to express His-tagged proteins in Escherichia coli BL21(DE3) strain. Proteins were purified on Talon Metal affinity resin (Clontech, Mountain View, CA, USA). GST-tagged and His-tagged proteins were dialysis with General Tubulin Buffer (80 mM PIPES pH 6.9, 2 mM MgCl 2 , 0.5 mM EGTA). The purified proteins were analyzed by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) and concentration was determined by coomassie coloration compared with a BSA concentration range.
Plasmid constructs
Plasmids DNA were prepared using a Plasmid Maxi Kit (Qiagen, Hilden, Germany). For bacterial expression of GST-tagged proteins, the coding sequences of human p27, its N-(aa1-aa87) or C-terminal (aa88-aa198) parts were cloned into the pGEX-4T-2 vector (generous gift from A. Besson). The p27 4A construct was obtained by cloning the p27 4A/T187A from pCS2+ (gift from A. Besson) into pGEX-4T-2 vector. T187A mutation was reverted using directed mutagenesis kit (Agilent, Diegem, Belgium) and primers 5'-GTTCTGTGGAGCAGACGCCCA-3' and 5'-AGGCTTCTTGGGCGTCTGCTC-3' (IDT technologies, Leuven, Belgium). p27-YFP, pET-16b-hp27 plasmid were kind gift from A.Besson. Silencing of p27 in mouse brain slice was achieved through electroporation of the shRNA plasmid constructs (pCA-b-EGFPm5 silencer 3, generous gift from Dr. Vermeren, King's College London, UK) that deliver p27 shRNAs sequences (Nguyen et al., 2006) .
Control shRNA vector was generated by cloning a sequence with no significant homology to any known gene sequence from mouse or human as described previously (Kawauchi et al., 2006) . Gain of function experiments were performed using constructs expressing Cherry (IZ Cherry, generous gift from M. Logan, London). These constructs were generated by cloning the human p27 (IZp27-Cherry), its N-(IZp27Nt-Cherry), C-terminal parts (IZp27Ct-Cherry) or p27 4A mutated form (IZp274A-Cherry) in IZ Cherry vector (Nguyen et al., 2006) .
IZDNRhoA-Cherry was generated by cloning RhoAT19N PCR-extracted from pcDNARhoAT19N purchased from University of Missouri-Rolla cDNA Ressource Center. Utrophin-GFP was kindly provided by W. Bement (Burkel et al., 2007) . EB3-GFP (Stepanova et al., 2003 ) (generous gift from F. Saudou, Orsay) was used for resonant time-lapse recordings.
Constructs used for EB3 rescue experiments and for analyses of interneuron migration on brain slices were obtained by cloning human p27, its mutated 4A form, a 1-170aa fragment or a 1-190aa fragment and its mutated 4A form (190-4A) into the pCAGGS-linkB-IRES-RFP vector. All constructs were verified by sequencing.
RNA in situ hybridization and immunostainings
Nonradioactive RNA in situ hybridizations on frozen sections of brains were performed with digoxigenin-labeled sense and antisense riboprobes as described previously (Cau et al., 1997) with minor modifications. The probes used to detect the transcripts from the following genes were used GAD67, Dlx5 (F. Guillemot), Cux2 (C. Zimmer), Lhx6 (V. Pachnis), p21 Cip1 , p27 Kip1 , and p57 Kip2 (Nguyen et al., 2006) . Immunolabelings were performed as described in the Supplemental experimental procedures.
Immunostaining procedures
To visualize exogenous p27 on MTs, HeLa cells were incubated in a solution of 0.2% antibodies (overnight), cells were treated with NaBH 4 (10 mg/ml) for 10 minutes, washed in PHEM and blocked in 1% BSA, 0.1% TritonX-100 in PHEM for 1 hour. Cy5-phalloidin (1 µg/ml, Interchim, Montluçon, France) was added to the secondary antibodies solution for 1 hour. Embryonic brains were collected and fixed in a solution of 4% paraformaldehyde as described in the section Tissue processing, brains were then sliced at 10 to 12 M and the sections were placed on Superfrost Plus slides (Thermo scientific, Rockford, USA). For immunocytochemistry on cryostat sections, samples were washed three times in PBST and blocked at room temperature for 1 hour in PBST containing 10% donkey serum (Jackson
